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Stent Comprising Terminal Anchoring Elements 
Description: 

The invention relates to a stent for insertion into tubular hollow organs, especially those of 
the human body. 

Generic stents and their use are known in the art, and they are inserted into tubular hollow 
organs to expand and keep them open. These types of stents have a grid- or spiral-shaped 
structure consisting of wall segments. Between and within the wall segments, grid openings are 
formed that allow this structure to grow into the tissue at its implantation location. Such stents 
are known in the art and described, for example, in DE-A 197 46 88 or in WO 03/063 733. 

There has already been an attempt to design stents so that they no longer change their 
position following installation. EP-A 0 778 01 1, for example, describes the design of thickened 
stent ends, wherein tissue from the vascular wall grows around the outwardly protruding, 
thickened ends following implantation, a technique intended to prevent a change in position, that 
is, a shift along the axis of the tubular structure. DE-A 197 46 882 describes a stent whose 
tubular grid structure consists of elastic wall segments that are designed elastically in a zigzag or 
V-shaped pattern and the sharp ends of which are expanded outward in a radial direction relative 
to the tubular axis, which is intended to prevent positional stability [sic], even in substantially 
curved blood vessels. 

The goal of the invention is to provide a stent, especially an expandable stent, which not 
only guarantees positional stability, but can also be used in the region surrounding the heart, in 
particular, as well as in proximity to moved and/or substantially lateral bifurcations without the 
risk of obstructing the flow of blood to the bifurcation. 

This goal is accomplished with the features defined in the claims. 

It was found that the aforementioned goals can be accomplished by disposing curved 
anchoring elements that are linked integrally with the wall elements formed by the terminal wall 
segments on a stent of the generic type. In this regard, non-adjacent elements are preferably 
linked in a bridge-like manner. The anchoring element features, at the tip of its curve, a larger 



radial distance from the stent axis than the terminal wall elements, so that the end is expanded 
outward relative to the diameter or the lumen of the tubular stent, and the ends or tips of the 
curves are anchored in clamp- or claw-like fashion into the organ wall at the implantation 
location. 

Both the anchoring elements and the wall segments are made of frames and are preferably 
wider and/or thicker than the frames of the wall elements. The shape of the curved anchoring 
elements can be both purely circular and oval or elongated oval. However, it is preferable for the 
curve to be formed as a V-shaped ogive. In an especially preferred embodiment, the ogive 
follows a slightly s-shaped curve. At the tip of the curve, the anchoring element is preferably 
thickened and, in an especially preferred embodiment, it is designed to be radiopaque in this 
region. In this manner, the treating physician can precisely follow the terminal points and 
position of the stent during surgery. The ends or feet of the curved or V-shaped anchoring 
element are integrally connected with the wall elements of the stent, and are neither welded, 
glued or connected to the stent by means of any other bonding technique. 

In an especially preferred embodiment, the curve of the anchoring element bridges two 
non-adjacent wall elements of a terminal, annual wall segment. Normally at least one, but 
preferably two additional elements are disposed between the bridged wall elements. In the 
terminal region of the stent, unlike the middle segment, the wall segments are directly connected 
to one another without spring elements, so that they cannot expand or can only expand to a 
limited extent in the axial direction of the tube. In this manner, the terminal region of the stent, 
despite being flexible, is provided with the strength required and sufficient for anchoring. 

The formation of the wall segments in the region between the stent ends can be designed in 
any manner in the embodiment according to the invention. Such flexible wall segments are 
known to the person skilled in the art and are described, for example, in DE-A 100 50 930, DE- 
A 197 46 882, and elsewhere. 

The stent according to the invention is preferably made of elastic, annular wall segments, 
which are disposed along a longitudinal axis, thereby forming a tubular grid wall. As a result of 
its elasticity, the stent can conform to the movements of the hollow organ into which it is 
implanted. The individual wall segments are connected to one another by means of a continuous 
longitudinal frame. In a special embodiment, the longitudinal frame is designed to be 



continuously linear, thus enabling it to absorb compressive strain or tensile stress in a 
longitudinal direction without resulting in a longitudinal change in the stent. In the same manner, 
a contraction, that is, a pressing together of the individual wall segments, also does not result in a 
longitudinal change in the stent, because the tensile stress or compressive strain that may occur 
in this process is transferred to and absorbed by the continuous longitudinal frame. 

A further embodiment of the invention is characterized by the fact that the annular wall 
segments comprise wall elements and/or are constructed from a plurality of such elements. 
These wall elements are preferably elastic elements that are alternately arranged in an angle 
relative to one another formed by first elastic elements and second elastic elements. This 
produces a zigzag elastic structure for the wall segments, so that an effective, elastic effect is 
achieved, which also allows for expansion in a radial direction relative to the stent axis and 
causes the supporting effect on the hollow organ. 

The elastic elements can be formed to be approximately straight-lined. This straight-lined 
shape is to be considered as being relative to a projection onto an external circumference surface 
of the stent. 

The connecting elements advantageously connect either only first or second elastic 
elements to one another. The connection elements themselves are not elastic relative to 
compressive and tensile forces acting along the stent longitudinal axis and are essentially rigid, 
i.e., said elements, together with the elastic elements they connect, absorb these tensile and 
compressive forces and prevent a longitudinal change in the stent. As a result, the connected first 
or second elastic elements, together with the connecting segments, form the continuous 
longitudinal frame. To this end, the connecting segments and the elastic elements connected to 
them should be arranged in parallel to one another. This applies, once again, relative to a 
projection onto a circumferential surface of the stent. In this manner, it is ensured that the 
applied force acts only along the longitudinal frame and has no lateral component that could lead 
to an unwanted shortening or lengthening of the stent. This precludes a non-linear course 
allowing for longitudinal expansion or contraction, as can occur, for example, as a result of a 
zigzag or wave-shaped course of the longitudinal frame. 



An embodiment of the invention is characterized by multiple longitudinal frames that 
progress in parallel to one another in a projection onto an external circumferential surface, which 



are disposed to be spaced relative to one another in a circumferential direction. These can 
consist, for example, or three or four longitudinal frames. In this manner, the wall segments are 
positioned relative to one another in an especially effective manner, at the same time reliably 
avoiding a longitudinal change in the stent. 

It is also possible for the longitudinal frame to have a helical shape. This can be the case, 
for example, when the longitudinal frame consists of the connecting segments and the first 
and/or second elastic elements. This results in an especially simple structure. 

Nevertheless, longitudinal changes as a result of compression strain or tensile stress or 
compression of the stent are reliably avoided. 

The connecting elements can also be thicker and/or wider than the elastic elements. 
Complexity is reduced, in particular, when a self-expanding stent is cut, by means of a laser, from 
a tubular object with a small diameter. In the first state, involving a small diameter, the 
connecting elements are formed, for example, to be approximately S-shaped. In the second state, 
involving a larger diameter, the connecting elements feature at least one component in parallel to 
the longitudinal frame. The connecting segments can, for example, be twice as wide as the elastic 
elements. This results in an especially straightforward pattern. 

The stent is preferably designed to be made in one piece. This results in a stable design 
without unnecessary edges or predetermined breaking points. A shape memory material, such as 
a so-called memory metal, namely a nickel-titanium alloy, which is also marketed under the 
name Nitinol, can be used as the material for the stent. Polymers of the type used in other areas of 
medicine for implantation into the body are also suitable for production of the stent according to 
the invention. Using laser beams, for example, a suitable pattern for preparing the elastic 
elements and the connecting elements can be cut from a tubular material with a small diameter. 
The expanded shape can then be stamped onto the tubular object in a manner known in the art. If 
the stent produced in this manner is then compressed into a state in which it has a small diameter 
and, by means of a catheter, for example, is introduced into a diseased blood vessel, the stent, in 
its position, can once again be automatically returned to the stamped shape by heating via what is 
known as the conversion temperature. 



Other possible materials for the stent include stainless steel, plastic or so-called self- 
dissolving materials. These self-dissolving materials, in particular, are advantageous when a stent 
is not intended to be installed permanently. If self-expanding stents are not used, they can be 
expanded in the desired position by means of a balloon catheter, for example. 

Preferably, the surface of the stent should be processed, especially refined, smoothed and/or 
polished. This results in a smooth surface tolerated by the body. 

The invention is described in greater detail on the basis of the following figures: 

Fig. 1 shows a commercial stent according to the prior art. 

Fig. 2 shows a stent with anchoring elements according to the invention. 

Fig. 3 shows an enlarged partial view of a stent from Fig. 2. 

Fig. 4 shows a grid network structure, preferred for the stent according to the invention, as 
it is used for the central wall region of the stent. 

In a stent according to the prior art, as shown in Fig. 1 , sine wave-shaped wall segments are 
sewed onto a cylindrical, fabric-like material. The sine wave-shaped wall segments are only 
connected to one another as a frame at the seam of the cylindrical fabric. At its upper end, the 
stent features a sewed-open, open wire segment, which is formed in the same manner as the 
wave-shaped wall segments, but progresses in precisely the opposite direction, i.e., is shifted by a 
half phase without the open end segment touching the wall segments. For reinforcement 
purposes, the upper edge of the fabric material is reinforced with a wire thread progressing in a 
zigzag pattern. 

Fig. 2 shows a stent according to the invention whose grid-shaped tube wall is formed by 
means of a conventional pattern, as described, for example, in DE-A 197 46 882. 
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The tubular stent progresses along an axis 26 and is expanded outward at its ends 20, 20\ The end 
20 of the stent shown in Fig. 2, enlarged in Fig. 3 for purposes of improved illustration, shows the 
structure of the wall segments 11, which are constructed of V-shaped wall elements 14, 15, the 
V-shaped elements being connected to one another at their tips, thereby forming a zigzag line 
running circumferentially around the stent longitudinal axis 26. The individual wall elements 14, 
1 5 are formed by elastic elements 14 and 1 5 connected to one another at their frame tip. In the 
region of the stent end, the successive, annular wall segments 1 1 are connected to one another at 
each of their wall elements 14, 15 by means of connecting elements 12, resulting in a rhombic 
grid network. At the end of this grid network structure, the inventive anchoring elements 22 are 
arranged in such a way that they are integrally connected with the distal tip of the wall elements 
14 and 15. The curved or V-shaped frames of the elements 22 are widened relative to the wall 
elements 14, 15. This is easily achieved by applying a simply cutting technique during cutting of 
the stent. The curve tip 24 of the anchoring element 22 is provided with a radiopaque material, so 
that the position is easily recognizable in the X-ray image by the physician performing the 
procedure. As can also be deduced from Fig. 2 and 3, the anchoring elements 22 are bent 
outward, so that their tips 24 are at a greater distance from the stent axis 26 than the wall and/or 
elastic elements 14, 15 with which they are connected. It is especially preferred that anchoring 
elements 22 feature an outwardly directed curvature, with the radius of curvature increasing 
toward the curve tip. Because the anchoring elements 22 are made of the same elastic material as 
the stent 1 0 itself, this shape results in a clamping tension which presses the tips 24 into the 
surrounding organ, thereby anchoring the entire stent 10. 

Fig. 4 shows a preferred grid structure, as it is specified in DE-102 43 136, as well as in 
parallel applications. A stent 10 with this type of pattern is cut, by means of laser beams, from a 
small tube made of a suitable shape memory material, namely a memory metal such as Nitinol. 
As the figure indicates, in a first state following the cutting of the pattern in the small tube of 
memory metal, the first elastic elements 14 and the second elastic elements 15 are arranged 
adjacent to one another. In the cut, non-expanded state, the first elastic elements 14 and the 
adjacent second elastic elements 15 are arranged to lie in parallel to one another. The figure 
clearly shows the roughly s-shaped form of the connecting elements 12. In addition, wall 
segments 1 1 arranged to be adjacent to one another are offset relative to one another by an offset 
corresponding to the thickness of the first elastic elements 14 and the second elastic element 15. 
In this manner, in a first state a first elastic element 14 of a wall segment 1 1 is connected at its 
respective ends by means of connecting elements 12 with a first elastic element 14 of the adjacent 
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wall segments 11, which is offset by the [amount of the] offset. Once the pattern is cut into the 
tubular blank consisting, for example, of memory metal, the stent produced in this manner is 
expanded in a second state having a larger diameter than the first state. This second state is then 
stamped onto the stent 10 in a manner known in the art. For implantation using a catheter, the 
stent 10 prepared in this manner is then compressed into a state involving a small diameter. Once 
it is in the desired position, the stent 10 can then be expanded once again into the stamped form 
by means of the so-called conversion temperature. It is also possible, however, to expand the 
stent 10 by means of a balloon catheter. 
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Stent with Terminal Anchoring Elements 

List of reference numbers 

10 Stent 

1 1 Wall segment 

12 Connecting element 

13 Longitudinal frame 

14 First elastic element 

1 5 Second elastic element 

16 Direction of application of force 

17 Stent 

1 8 Longitudinal frame 
20 Tube end 

22 Anchoring element 
24 Curve tip 
26 Tubular axis 



